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Summary

1. Allethrin and phthalthrin were applied
topically to the adult house flies in combination
with one of the following synergists at a ratio
of 1:10; piperonyl butoxide, S-421, n-propyl
isome, sulfoxide, safroxan, and MGK-264. The
LDy, values evaluated at 24 hrs after treatment
showed that S-421 was the most effective syner-
gist for allethrin, whereas piperonyl butoxide for
phthalthrin.

2. The radioactivities of *H-labeled allethrin
and phthalthrin on the cuticular surface, in the
body, and in the excreta were measured at regu-
lar intervals after the treatment. In all cases
the radioactivity recovered in the excreta de-
creased, whereas that in the body and on the
cuticular surface increased when the pyrethroids
were applied with synergists. Synergists proba-
bly caused the depression of the permeability of
pyrethroids through the integument of the
house flies.

3. Five compounds were detected as metabo-

livi\

lites of both pyrethroids by paper chromatogra-
phy. The decomposition of the pyrethroids was
depressed by the addition of synergists. It may
be suggested that the inhibition of the decom-
position of the pyrethroids in insects is one of
synergistic mechanisms of synergisté.
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Central Nervous System Control of Circadian Rhythmicity in Insect. Junko Nishiitsutsuji-
Uwo (Department of Agricultural Chemicals, Shionogi & Co., Ltd., Doshomachi, Osaka)
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Fig 1. Entrainment of the activity rhythm of a
single Leucophaea by a LD 12:12 following a
free-run in DD. The average period of the
rhythm in DD from day 1-27 is estimated to be
23.5 hours. Subsequently the rhythm is entrain-
ed to a 24-hour period (day 28-48) by the LD
cycle. The position of the light and dark frac-
tions of the LD regime is indicated at the top
of the figure: black and white bands denote dark
and light respectively. From Roberts (1962).
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(1) Epoxy (Devcon)+bee’s wax+charcoal
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Fig 2a. A diagrammatic representation of the
head of a cockroach showing the area cut (thick
line) on the head capsule. The first cut (I) was
performed by making a~1.5mm x 1.5 mm square
“window”. The piece of integument was removed
and replaced after the operation.

The second cut (II), if necessary, was bilate-
rally extended from the upper edge of the win-
dow through the compound eye to the antennal
socket. C.E,compound eye; OC, ocellar fenestra;
A.S, antennal sclerite; SC, scape. See text.
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Fig.2b. Frontal view of the brain showing the
position of the window. Br I: Protocerebrum,

Br II: deutocerebrum, OpT: optic tract, OpL:
optic lobe, OpN: optic nerve, AN: antennal nerve.
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Fig. 3. Persistence of the activity rhythm follow-
ing ablation of the ocelli (day O) and painting
of the compound eyes on day 13 (I-1, I-2),

L, light; D, darkness.

I-1) Ablation of both ocelli. (10§1)

PstsLiR, FHRED -1 HO arrhy-
thmia HHBH—Y XL E-TL B (F34).
Harker® {3 Periplaneta TCIZBIELHARDHD Y 4
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entrainment (A & XA 2D UOREIRIZIRL T2,

I-2) Ablation of both ocelli and painting com-
pound eyes. (9 )

9PLrIPLiZ KA (2 # HLLLE) arrhythmic Tyl
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Fig.4. A free running rhythm in LD (12 hours
light, 12 hours dark) following painting of the
entire head, except the mouth appendages, up
to the basal segment of the antennae (I-3).

1-3) Painting the entire head. (13{])
AR%HL 2UHR%, MAOEIER, scape 238
ARy FTRLE - I2EAIIL, 20U arrhythmic

Table 1. Effects of ablation of the ocelli

Db DRIMRANT, 11PLh3PCo A entrain Ihiz
DHT, FRH D8P free running Y XA BRI,
LORRDHHEADE LR v P WRETHNUL,
YRR < 4 v M TUL free running ) X4 %2R
$5L &, Roberts Offife L 3T 5. COME
MHHEAT, 1-2) OMUMND B DR4 L FOHE
entrain UL 7s¥ALAXUVLDIE, R4V PORESE W
SuMErEDfliT, KM OUTRDIRBI} 2L T
L Sk a8 M 112 R 23N SR ARASE A NF €49 R/ J AW 19
X).

I-4) Painting the entire head with insertion of

a glass window over Br I, (74)

7 Purt 4 pips entrain L 1z. entrainment MOHiL
DhIVHBZNTH 3) OHFAE (/11) L b HHILTY
2012, ) (#52BDLET 0.5~2.0 foot-candle)
PEEML TN IN S 2EHENEZRL TV S,

1-5) Peeling the painf from the left antennal
socket. (647)

T% 7Y OEBIIAMOD IR ATV T
gHohTa, HEHIL, )'{:b*ﬂﬂﬂﬁ’}a)t'cl’:b*%]\
3 &L, BT TEYIAOBIC b I
5D (antennal socket) DATHIMS, T
DOXMABL EBALIT D22, 22 TI-3) b
4L, -2) »5 2[LD free tun LTW2HEALA
T, EOMMDIGTETRY # % —FNOARMLIZE
A, 6PL4UCiE 2 WG D » TR 41T entrain
LIz 5[R), TORIYNE, JD—IRoNIM DI
OMINZ ML TR INS L & 2/RLTWS, LbL
Hib, RAY POURDATIE, RDIRHL D { DRI
RE - TUEINLAIR 2T 3 IHT T L3 Sh L,

and of painting over the compound

eyes on the circadian locomotory rhythm in cockroaches.

Exp. Groups Experigxental No. of ,,_POSt'o;PffaFin’ _R‘hythm in LD
Procedure Animals N(()._])Efé;;lsr:ed | _Frree Run |No Rhythm
I-1 " _Ocelli 10 j 10(1) 0 0
I-2 —Ocelli, paint C.E. . 9 j 6(4) 2 1
1-3 Paint head } 13 l 3(8) 8 2
- ' Paint head
_ I-4 | inset window ' 7 ‘ 44 ' 3 0
T 07 77| Peel paint from ant.
I°_5 | socket ‘ 6 I 4 | 2 0

* average number of dgys until animals were entrained post-operatively

—2: removal

C.E.: compound eyes

LD: 12 hours light-12 hours dark
ant: antennal
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Fig.5. On day O, a glass window was set just
above the protocerebrum and the whole head
was painted over. This animal showed a free
running rhythm in spite of having a glass window
(I-4). On day 35, the paint was peeled from the
left antennal socket, and the animal was then
slowly entrained (I-5).

1-6), 1-7) Unilateral and bilateral section of
the optic nerves. (2041)
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1-8) Bilateral section of the optic nerves with

insertion of a glass window over Br I.
(651)

Btz i, LD &R FT free running ) X4 %
AUz, 2 LTH (2-8 foot candle) entrain
Lz,

3T, T b—llOUE» S, ROERTHE IS
2z, TRD5, HIIHBOMR TR QL
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Fig.6. Two examples of a free running rhythm
in LD: (12 hours light-12 hours dark) following
bilateral section of the optic nerves between the
optic lobe and ommatidia of the compound eyes
on day O (I-7). Animal 1737 died 85 days after
operation. Animal 1678 continued his free
running rhythm. On day 84 the light intensity
was increased from 2 to 8 f.c.
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%135 “resetting system of the biological clock”
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Table 2. Effects of section of optic nerves on the circadian locomotory rhythm in cockroaches.

E g 1| No. of Postoperative Observations
xperimental| Experimenta 0. Of o s e e : :
Groups Procedure [Animals] Days of Activity Rhyhm lReIz)xayzal;ggtl:e An;rtnil:t’ng?te
Observation| Level in LD ‘ ofplghythm Experiment -
_ S S |
1-6 ﬁﬁ?xgg}:ﬁl' 3 | 27(19-30) | Normal 3 | Normal 3*i 6 (0—10) +3
) cut Op. N. | 1o | oar1a_aio| Normal 15 | Normal 3 | 13 (6—19) +13
-7 bilateral 17| 94(18-312)) yigher 2 !Free-Run 14! 6 (0—15) -4
1-8 cut Op. N. | 6 | 77(43-173)| Normal 6 FreeRun 6| 5 (0-15) + 6

Op. N.: optic nerve. + window: set window above the brain (see text)
*2 animals were kept in constant light, hence, normal means that animals continued their
pre-operative freerunning rhythm post-operatively. :

EHBABTLENTES,

II. Pars intercerebralis (PIC) (DiEjz®

BRI+ 7 ) DIRPRIEHONIT L B resetting %
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HBEDTROMHEZALIDIR. b bTWHINTHS,
ez, 19564 Eidman® 3 Carausius morosus T,
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75 &4k, 212132 OWH & § circadian locomotory
rhythm & 13BA{&pS 7205 Ly (Fingerman ef al?,
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% Mothes!® {3+ 4 & & O—Flt Carabus morosus T
IXd3 color change @ HADH 4 V% PISHRIN IT
control L TW 3 &R~ Klug!® 9 Rensing?.2? 3
Carabus nemoralis X Drosophila melanogaster
THIZ & 23R B E % 5 T L RIETECL JO Mo #1
KOMODOKXE 35, BAOH A4 INERTENST
W5, I3 7Y OUCERIIRO WS YT ORI
MEULTAILNT WA, LA RES
iz nerve cords o electrical activity % in vitro
OFHNTCET I RMEL o TB ENS®, B
%, Eidman® {3 Carausius C Br.1 ORI (PIC)
ZRRETHE, OXOMMDY X272 IEo Tz
ST NIRPIT > TS, bo& b, HOFH
ZOMBUI2NENNIZB TH-T, YV XLdel ol
OMTU T s FHT & 5 —1§7s arrhythmia T#

> 12D E S PIRABH 8L, —F, Roberts® i3
Periplaneta T Br.l 2 EATERTHI 2 X Sl
Wi (mid-sagittal bisection) 42 &V XadEl 2
A6, PIC T35 e o) ikibess v X » B fRLS
HBEHMETLTHS, HIKiE~3 & 51 Roberts
DU b AL R AN IIMCII D H - T,
ORI FETIRZIFOIIED, TTIRMEAC L ST,
Lees!” (37 V) =%, Megoura viciae % {fi>TDT
SNPLED G, WoZAME Br. I itdhh, Zhid
PIC iz 3> % #IESHIEAIKL S LU &3BTV B, i
X % circadian oscillation ® entrainment Dl
OB A 512632, Lees OFLLII AR
WA b > TS & Sicilbihvs,

AN
Fig.7. Frontal view of the brain under the win-
dow illustrating the removal of the part of the
brain containing the pars intercerebralis (white
area). PIC: pars intercerebralis, Br. I: proto-
cerebrum, Br. II: deutocerebrum, OpL: optic
lobe, OpT: optic tract, AN: antennal nerve.

II-1) Effect of the removal of the pars inter-
cerebralis.

2T, BROMONTE $ MBS TH S PIC,

FSITZ TiTd A MRt Ui 2 b T, o
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Iy DINEREN 1T/ - 12, $ -3, electric microneedle
2 & 5 L DRI DOYEHRE R KA D, PIC 25840
PexP)B & 2DUMES KEL % 517, MET
X350 v 0BT AREL M2, WL T,
L DOHRETRNFHN MR ERC LB C &iRU
FH7E). .

FTWHE LT, £OMUMNERRZIM2EIY &5
T EXTTIRB~ (T2 MBI, I 1 e AN
LTBNT, HiLr4 7T 7RHOTE LMy 5
i PhirsazonT, PIC 28ty b TTL
WINU TERrET 5, DI AUT - R miam - 4
TREL A&, 2D, IPEREVHHES SV SKERT
3. 05k, BZEDPVELARDEL OHETH A1
WIT, TOWRIIIIT OHFHIBRELES F7, WWE T2
ZIEREFEERLL DTV, 5T, FHORCT %EL"

hTHA, ,
T, ATLTRL 72T, 1MCRTRR Y XL %R
Jholohdt, IR BILTE»O Y Xa MBI,
II-1-a) No rhythm post-operatively (19{1)
19PLI3 T aic Y X o BUe - 1z, PEMKR
FuI3sAM (14~78H) T, TD S5 3P4 3 WYL
BIeErshs, 2I3FEEL TV S, 3EIIE NSO,
WM & U TSR TH 5, &nHDid, 3
AR arrhythmic ZRIBARL TH S, HOY Xa%
WY RITHFDBICHOENZIDTHS, #£-T, VX
LRAEUZVESE, 225~ LANOBE 2T
5 5iclizicwic, ZOMMAIEELTY S, ]
DR IBIND I > TUE o1, #lHlEL
BT D D 3FDATHBH, VIt PIC O

“TIEL” BrED 2 %013 5 Likie, Fligta o == —
BRRTE-12BIRZOTF 7Y 28U, MelEL
TS5 DPRELTTINVNFNL R« Thvy « THY — :
LT T MU, M3 kAo sl . nas
h. 4
0
. . DAY
Table 3. Effect of ablation of the pars intercere- i .
bralis on the circadian locomotory rhythm in 45 e
operated cockroaches. Activity Level: Lower or —
Higher as compared to pre-operative normal i
level. s —
Experimental Group ‘ H-1-a l II-1-b =
- : "No !
Post-operative Rhythm | phythm | Rhythm =
No. of Animals l 19% ’ 28*
" Days of Post-operative e
 Observation ‘35(14—78)[29(10—60) i
Days until Post-operative | =
_Apperance of Rhythm‘__l |9(f0~—24)
Activity Level
Normal ‘ 6 12 == 5
l._._— 24 HR S——l
Lower 0 ’ 1
Fig.8. Loss of the activity rhythm in Leucophaea
Higher 13 | 9 maderae following complete ablation of the pars
L X 1 intercerebralis (II-1-a). The operation was
ower then higher ’ __;0 | 6 L performed on day O. Usually, animals showed
Neurosecretory Cells high activity for 1-2 days after operation, then
- —- — moderate or low activity appeared for a period
Present ‘ — l 1 (about 1 week). After this, activity increased
Ab | to a very high level without showing any rhy-
. sent | 8 ‘ 8 thm for 1-2 months; it decreased for a week
Questionable ‘ _ ‘ 3 before the animal’s death.

* Of 19 animals in Group II-1-a, 3 animals showed
a funny activity pattern and of 28 animals in
Group-b, 8 animals showed a rhythm but not
quite a normal rhythm (see text).
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This animal was sacrificed on day 55 and
histological sections of its brain showed no neuro-
secretory cells. The light-dark regime is indi-
cated at the top of the figure (open bar=light,
solid bar=dark).
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WHRIPWHINUR TR » T e o T2, T2b b, Fiffd
SR fiabhiicb e Rz ahs, fisEizco
group {TIMT A BN CHS, $9 LD=12:12
hrs TI0BFILIEIEN 2 Y XA 280 hRA TC & 27
»HTh 6, PIC 24)h L (0-day), —fz, T
1~ 2 HRESED TR HLTINE ), 20T
FIBERIEN»EIZIER L b b ITinThikai>-3¢,
ZFNLE, R ABUC ERL, T Mmb
L Bxaib s, 20Ny Zaun, TojRm
ML~29 FIHENT, HMIIMBETLTL 5L,
WIBMUANTIEET S, CORTRUITFT 0,
%55 CHRL T, BuciEMismRonnr %
e,

II-1-b) Rhythm post-operatively (284)

—RU T2 ~3 H B G EE 2R L, 201,
RN E I3RS OIGTINE 2R3, Tl —a§ie
FIIMBETL, v Xadlabhictic, Uishis
DXL BRURLDELENSATH, LAY OmEE
RE»TE(1H, LELTIAER, 2068533
NIFRRERITZLW T &35 5, —IHNILIER
THEDHIGININIERNC Y E 12§ DI200, ¥l
1D, ETULIEEDOLD 1L, {TFLTHH
T B2 DEILTH B,

‘ - N — a
e . ———
- o e i I

ST wevronid e —
. = DAY
f s

T 18

; s AR,
e e ARy
T ’9

$—————— 24 HRS —

Fig.9. Biphasic rhythm in Leucophea maderae
following recovery from the operation (II-1-b).
Within a" week after the operation, the animal
showed very low levels of activity; then the
activity level suddenly increased and a biphasic
rhythm, with the onsets of activity clearly phased
to dawn and dusk, appeared. From days 19~39,
the animal showed a free-running rhythm in
DD. The animal was sacrificed for histology on
. day 40 and neurosecretory cells were found.

) ZADWILEMHIRTL 501, THikict -
TN D A 08, Ak 2NN TH S, B
DIETLI: ZDN (0-day) iy Zadd EBL,

BUsHMe G b o & LTI 3R (19, 20, 24H) U

TRUDTYXAMUIODIRE 12O IHE b -
ic. )

) XLBTHY b EFTEWV-TE, typical 23
LDFEDY) XL Ealc b DIEM YTz, aty-
pical Y ZLBRLIbDEHotz, k42000
FIY—ITHHILTAL S,

(1) —fyiz typical 22§ T3, LD T entrain
XNVTH: DD OAIFizis L &, free running Y X
L%RT. AflizoNWT, LD FT entrain 3N T
»b DD ofHizasLick LA, 34k free run
L, 10 REBIRY Za%f s -TLUE .
-1z,

(ii) SPLIXTHH2HED Y X a—NOWH AT HE
DDV, MitIINEDOA—2RL (X)),

(iil) RtImEIUEG RN T, L b, ZOM
i oz, IR D, 3722b BRI
DO AITHIZ L 21 DB 1 Fd -1z,

(iv) Zhd 1ROATHAH, IGTIOFRAHREER
T K, T B IAVEROT i b b A 5
i,

Tt WTHOY XAMRTansE, BEHL
TIHKOHREDN T 21> TREL .. ERERTE, —
4z Br.l OLEROBRRTET AR, {ITFEO
VAR ELTALNSY, THIEKRTIZC ORI
PIC YMiDIoditiF e 55> T3, %1z, neural

. lamella & perilemma OEIZEAL THEWTIIWVWS

s, VIR CIINKD BOE Tz - TWA, 226
BTN T, U5 DI B % 12 L TcH
FIDTEED A E D Shichs, 8 FITIRME k%
FRATHLEDTEah T, 7Y SHTRZOFE
PEDLV., BHOBROMEN SO EEDFIT
DVTIE, b UMM % 210 L ISR R 5
NIz HTix, 2OV TREMOSEL 22003,
MEBRD s o 1o, UhbTilfick»T
BAOHMISIHC T 2L TV A NIIE, U TH
{ DD OMBYIRGERIRBIT L > TIRIN TV Iz
PR TAORADTRY., oMz TiE, 22
PP UBID 7 5 ADTEYNI MM 12 HIEE s UG
A(ER3%). Tiobb, FRIBMKIN—IRT b f4{E
FT52261E, YV XARRBTHDTIRIEVD & OHEN
PO LUD S, ’
1I-2) Effect of actinomycin D on the pars inter-
cerebralis.
PIC oy is#lens, circadian locomotory
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Table 4. Effect of exposing the pars intercerebralis to Actinomycin D on the
circadian locomotory rhythm in cockroaches (Group II-2)
Post-operative Observations
Experimental No. of Days until
Procedure Animals Days of -
Observation Activity Level Rhytbr? :;\fp%?;ta}?;e
Act. D->PIC 7 35(21-57) Normal 4 .
Other 3 None .
Eosin—>PIC ,5 41(13-61) | Normal 4 Normal 3(1-7)
Act. D-5AG 2 43,48 Normal Normal 0*
Act. D.: Actinomycin D gel
PIC : Pars intercerebralis
5AG : 5th abdominal ganglion
* O means immediately after implantation
rhythm @ control [T @5 UTW 5 & DHEEMIFS T . |
NB 61X, MRS SIIIN B v LHIE e
YRTSF v lfif:li%&fﬂﬁ"@ib%ﬁ*%“"”: %(D.{'TIJE ":—"“"“EE__EL# = %%
ZILD 5 &5 Y COMTHEAIL B85, H e 0
DY XLREEDNBHE LIV, ZCT, 77 == S
72422 D%0.02~0.05 ug SLIERDTF NV 2D
L0.005~0. 014 m? DI OEMHE LU, T2 = ST
DOHUGTHE 1 3 2HIAL TA I (Act. D-PIC), B SR e e
ML LT, 7257/ 24v 2 DORYICHL RO mee 3
=F v v REAS D% (Eosin»>PIC), {hic, e
AT 2F /240y ¢ F%ETS BUEBHRRERITIIA s
L1z (Act.D5AG), #Fuifi4&icashnsiih S S TE ]
T, Act.D—PIC OHEX 7PCizBIsz & THitio s e wan
o + = T h—— 57

Y X a2z OIRELT (8510K). Eosin—»PIC

DOHNIRX T 5 LWL L ANLARKR Y K22 YR
L7z (§E11[K). Act.D->5AG TRFHLIzZ2DAI
) ZAPEbNTNE, '

~RCEBL e v REAT S E, KOHBTALN
THHOM 2 LT 555, PIC DI ZOD §
D1z Y X4 L FEMENT &12, Eosin»>PIC 0yzEx
XT5, &T3h, Act.D-PIC O 7LD 5 5 3L
IZ2NT, TRiaesH CHEMLIL THELIZEC
5, PICAR, F1ci3MD ERATRMHIRNIEL Tis
b, ZOEEU I, K X ORIROEED D2
Whhabohiz, BET 5/ <24V DEAIRES
THROHERDWRAE U 1o I3 5 280w, &L b
LO7 27 /<4y DEAOERIIFTIORM & i
- T, Qg PIC o chemical ablation ({L321yf2)
EWVITWUD bl oTLUE ST,

LT TUHT PIC D 2 BENTDONTHELTAH
& 5. PICorage - 7T MiRAIIETE 2 S ik 2, 4}
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t————24 HRS —m
Fig.10. Effect of actinomycin D on the pars
intercerebralis of Leucophaea maderae (11-2, Act.
D-PIC). Actinomycin D gel was inserted bila-
terally into the pars intercerebralis on day 0.
The animal showed low activity for 19 days after
the operation, then activity increased to a very
high level without showing any rhythm for 5
weeks. This activity pattern is similar to that
of animals in which the pars intercerebralis was
ablated (c¢f. Fig.8). The animal died on the 57th
day following gel insertion.

Yy, EreRitEieEsnETs s, ¥ 7V3%E
OMBEHD Y Xa%deis 5, ULrd, —RUCiBDivki k-
R3s. ZWQA, LY NGHITLHS Rt
POYT—Ub b I U TGN — 20060 T,
Zhit & - T =% 7Y @ circadian locomotory rhy-
thm MZBINTWEDO TRV, & O EHiHER
RIND, CORBPIMTE L= /HBGEN TS,
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Fig.11. Effect of eosin control gel on the pars
intercerebralis of Leucophea maderae (11-2,
Eosin»PIC). Gel containing eosin instead of
actinomycin D was inserted bilaterally into the
pars intercerebralis on day 0. Within a week
after the operation, the animal resumed its
pre-operative rhythm and showed a free-running
rhythm in DD (on day 25~62). Histological
observation confirmed (on day 68) that the brain
was normal except that some parts of the pars
intercerebralis had been damaged and that none
of the implanted gel could be detected.

STizbb, PICOSGEARIET Y X AWML INEED
LERBRTHTHS, UbLAMS, D2 2081
BRINMMO D ELTHEAULNS, 3K AT
ERTIV, Y XA BRIE - 72190811 6 PLIZ# ISR 22
WY s Tz, 24U WIS iz, PICASTTN)
&Y R LU THMOEAS § 5TOB T & 2R
ki, {bo13PED b O TIKHEES R D IT b Fid -
12DT, VX% WMRTALEBTELIPTDTR
WP EWIEERRRLR IR ZLTVA, ¢
DRI BRITIRA B M T AERER PR B2 BUR MR RO IR
oYM > Ta S IUnE L, 2hwiic
YEXLWH Y EMEZNLIDS NI o & LI
& T 5. :
~7Ji, #REI IR - QUM B sE AR LR L
T, THTYIRY XL BR2ehar 2505, flEEs B
S IN DA DML RV & L RIFDICL B
TEFIESTED IR TR IESIL T Y X 2D % §
rHLIEVWSTIEE A 6N B L, AkcE s o
{k, mushroom body—fE#ifa & ZDHHEDILAH
—DRIBIIH PIC BrIefig - T sk I rcmliiedk

MEoleh b, ZOMKITL DZRNEES Tt
BT NENIAE LTRINT W S,

III. Optic lobe DITWED

PIC [T l:DUERD HRD FEMIADS ELTL B, @
PIC 2D b ®H =+ 7Y D circadian locomotory
rhythm {2 & > TAPUNLBIRATH A 502 Ficik
® PIC @ {boKiizcad 2 driving oscillation 2 X
> THHZY X2 v ZiZ out put % FH JAiILT ¥
VWOTHAIH»? ThLROEHDIIDI, KD
WABWBIZIRSY O VI » BRERER % 170 - 1RSSR,
PIC $5® P4 ikl out put 2 % DIt autono-
mously rhythmic T72{ T, out put ®J X Aid,
W15 Wiz fRIE, optic lobe h» & OREEAIGICTIKTEL T
VB EWVSESRICIEL T2, BUTIR I - THREEERD
SHIIL T 5.

2RI Fll 2 DT 7730 BOUIMIZ R L 2o, JEATi
DOVTRFFDOFE 2B a0,

I11-1-a) Simple bisection of the protocerebrum
(98

Roberts®™ {3 Br.I O/ EER 2 P TZIY T35
213 C o"% 7 Y i circadian locomotory rhythm %
Kz 56, PICOMERIAHINIA Y X 2 TIAL B
#l%e oLl ic. PIC orutflfamih> b HiTowhis
S WHFIDMRIZR, MMOIEET RO RO R
PFL D TEAZI LT bHIC > THT, Ui
fA#EE 1, Nervi corporis cadiaci I (N.C.C I) &7z
S THCRIT A S, SISO, BRI s L4,
Z0x %, NNC.CII L7z THOMAIZAB, BE-T
SHNT L - TUM SN A DI, hatmiamie 5l 5
R HEDAT, /Db did intact TH5 (Sch-
arrer® 21), WALz &, PIC (REDWERT
LU D MRS LD — TR D A DR > TNTE ¥ X
LML at iz 5, Roberts OATRITHIMTZ LW,
(B AT HHUERZRIRB 21772 » TV, ULz
B, HOMBIIMBOA X &t TIENCZWN T2
DNTVWBETHI N OMHB), 2T, D
WER T UbH A0, WL & S 2N 0oNES
IEASPY o

JETMERD G D hiid, Hibing 1 7 ThiL
Wit ZIR A U TYMILIcE T A, P16t
12110 2~1111) Tikfga Yy Loz b &L, W
iz DD #i:12 LL %R T free running V) XA
ALK, SEOAIRY X aZ@ELILL -
1, TRHOMOTRA B E, VX AORBIIIEIZ
#59, M 1IMD 2 DDNIRIIELRICHALTEH Y,
Um 2T OMRBTH - 12, 1272, BN &
BN BETRE, 515 OUNAAIES Tz h,
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Fig.12. Above: frontal view (semi-schematic) of
the brain to identify the location of the cuts

A

involved in the operations performed in group-III.

Below: schematic representations of the opera-
tions performed on the nine experimental series
in group-III.

la Midsagittal bisection of the protocerebrum
; cut at location 1.

1b Same, with addition of a glass-plate sepa-
rator,

2  Excision of right main protocerebral lobe;
cuts at location 1 and 4, the latter extend-
ed across the boundary of the deutero-
cerebrum (location 9).

3a Unilateral section through mid-protocereb-
rum; cut at location 3(left).

3b Bilateral section through mid-protocereb-
rum; cuts at location 3 on each side.

4a Complete section of optic tract on the left
side; cut at location 4 (left).

4b Same as 4a; with additional incomplete
section at location 4 on the right side.

4c Same as 4b; but section complete at both

locations 4. .

Same as 4c; but a glass window added

above protocerebrum.

5 Optic lobes excised from both sides; cuts
at locations 4 and 6.

6a Section of both optic nerves; cuts at loca-
tions 6 on each side.

6b Same as 6a; a glass window added above

LS

4¢/
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protocerebrum.

7 Section of optic tract (cut location 4) on
the left side and section of the optic nerve
(cut location 6) on the right side.

8 Bilateral section of the sensory and motor
antennal nerves; cuts at location 8 on each
side.

9 Bilateral transection of the deuterocere-
brum (Br II); cut at location 9 on each

side.
1734 Leucophaea
L 1 D
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12 24
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Fig. 13. Persistence of the activity rhythm follow-
ing the midsagittal bisection of the protocereb-
rum (on day 0) (III-1a). The rhythm persisted
in DD (constant dark). L, light; D, darkness.

Fz, 1L IADR WY B EAIMRZ MR E 20D
AR EEBL TOL &, MluE»SHTHE 24,
SEHOURE S WIED IR A2 2 B HiTidsd -
1zh3aE, ZUHWUNmEABEINIIRTE N,
I1I-1-b) Bisectioq of the protocerebrum followed

by insertion of glass separating plate (4{)

Roberts? 13 1a & [[AUKEM»S 68 % (17/25) @
arrhythmia %237:0IZK LT, bhbhidliiz3dy
(8/9) it d X1\, 2T, T—bhbhdi)
b PR 4 7 TR L 12 ToDicdie b i ALY
TEURER, VX a2@EUIZOTRZVLENS
etk b R h 3o, 22T, YlimEIR T #iN s~
e 5 2% FlmmxXlmm (X0.14mm DOFEX) W
ieyl>T, TR RHCHAL TIEROEY 2 1) T
Alc, BABIMHLTU bIZE 5, Bddizh
b A5 AOWMIBSIE ATz LRiiL23 6
TH b, WPROMBEOHIAIREC hila iR s
STWa, 2ZNnbi5Y, 400 2ICD b OHTH
HENZN6 HERZHTIER Y X o 2MAIL 1 (3114
HE). '
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Fig.14. Animal 1770. A glass plate was inserted
into the midsagittal bisection plane on day 0
(III-1b). Activity level increased post-operatively
but animal was re-entrained within a week.
Rhythm persisted in constant dark (DD) beginn-
ing day 23.

- Animal 1987. Right main protocerebral lobe was
excised (I1I-2). The normal rhythm resumed
within a week with normal activity level.

NS DORE»5ATH, Roberts DFiEE, Z2h
PHLOEHINIHEREZE DRIIEMDNC LRI
HBUSATHBH. LHLEMS, la, IbOFHEE
b, FEHRICRFICEIEDL LA U 124UL Roberts
OFREHUL, LOMOTMICL - T PIC 5l
INZFNECORBEMBZOHED L 5 icibh,
PIC o fHlic 2T OIS f D 7~ 2~ L s o 12
kI3 ThA.

III-2) Complete excision of one lobe of the
protocerebrum (6{)

— 75 DT HFRRIFI D — 5% TN B D AT,
AT Y XLDABT A0 E S D%, HIDOHETH
Y IYEMH D, EVSORIGELIZCEL, T
RO MR MMM DAL DT 2 AT L &~

M5 33 H—III

DIV SWAOM UYL - T, BRE2HLEND
6TCHAH, 2T, EMONIMNEHR 1atFL)
& optic tract O THYMTL, ZDIOWIT2LEH
Wi T 2 Tiki% 6 LT DN TR 122 25, 478D
T 1~12 AT entrain "2 &4 5 R B0 (68
HETF), WHETH L, ZOMOTHIX WHERD
HRORWE A LATWS, oSS, —RYTIED
PEIZIERC L b A T0, $E- T, UT MR NI AEETED
—DHHBIY> T EDAT, Y X LDORAlIZFS}
THHT LRI

I11-3) Lateral sagittal section of the protocereb-

rum (1051)

Sie (LROFHDL L AT), LD X044 Y
NIEBORMERZBEL TEZ LN, TFxTIDLED
F3t% re-set 5Bz, d L, PIC ZD b DY
1431 T & % —driving oscillator— & 3 % /2 513, PIC
& OpN o [loMiteEEE b UIkid a5, C
DT %7 Y2 LD FTfree running Y Xa%R3NR
Fhugis s u, i, Br.l oEsRo Rl 2T
UL Th, COTFT VI AENIRY intact TH S
» 5, entrain I3, ETABOOUDLNOTIITK
LT, WREBIRUMIT AL, I TIRTERICY X
AW TT o1,

—iDAOYIDHFITIY, HICRRIOBM ZHLh
BRAOTREMEEL TS, UM E L TH- 1035
2T E X BT LTV 208, TERE & iCUINTY
A&, X AL TV A3, HIERBMITIL TR
BEULBELTWA, CORRTIR, COZERX
AT > TY Xadphizbhiz i1
MEEMEEIN TS,

II1-4) Section of the optic tract (26§1)

51 HOMT—FH L Ny, main protoce-
rebrum @ ganglion mass & @i optic lobe (Op.
L &F%) & %55 optic tract (Op.T &M) T, T
T iXHiEET nerve tract @AM H R D> T35,
Optic tract 2EMDATY>TH (4a-61%), 7
BoEei, HENZARIW-TH (4b-2L), EFEX
RV A~V TIER R Y X oML TL 5. LAY,
Je M se e Ui d 3 & (4c), Kigpo b @ (18
PLII4PE) H3Y X a %D (1550). 1 IEOAIER
2y XaRRMULIZY, ThRLULAFATH- T,
58 b 3PLiX free running {CEWMAID ALY Lo %
Jute, PICKRE:oA LSRR Y, COEBRXTIRA
Loty Xakkis>Th, —RUCTEEMEIRIERT
b1z,

11I-5) Complete excision of both optic lobes (6{7)

BHRO IR D & I SRR RED 3 2D ¥ 7 X2
DN MTyF+ P 2%2 b, optic tract 2§£T
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Table 5. Effects of various nerve sections of the brain on the circadian locomotory
rhythm in cockroaches.

e o No. of Post-operative Observations
xperimental| Operation 0.0 : . —
Group Procedure |Animals; Days of Activity Rhythm ngsgge?:xtllcle Agl:ngilséS;z;te
Observation Level in LD of Rhythm | Experiment
Normal 4 | Normal 6 + 7
I-1a do 9 | 3013-8s) |ponmal | pormal 81 7¢-1) 1
Normal 1
HI-1b do 4 36 Lower 1| Normal 2| 6, 12 + 4
Higher 2 | Loss 2
Normal 1
HI-2 (0@ o 6 35(32—36) | Lower 1 | Normal 4 8(1—-12) + 6
Higher 4 | Loss 2
1I-3a do 23 | 164-43) | pomal ) Normal 3| 0(0-1) + 3
: - Normal 4 - + 1
HI-3b qxl) 10* | 18(2—36) | Lower 2 |Loss 10 — -9
Higher 4

Experimental Group and Operation Procedure: see Fig.2
Activity Level: lower and higher than normal pre-operative activity level

LD: light and darkness 12:12 hours
+: alive
—: dead

* seven in which the lobes were cut simultaneously, plus the three animals from Group-3a
in which the second lobe was cut one to two weeks after the first.

PIC, & atk, rdulM4k, central body, {bflicd optic
tract FEAMEL TV A, BLAEE WL 2 &,
LD 'FTC free run 3501 (I-7), optic tract & #
HREDMicH 2 QIR E LT B E, LoD
RBUFHL LI Y XA %42 5TT 5 (G16[K). T DI
SFOFRZEL S MM OLRTH - T, HIEIZET
bEFRLRTRAHLEZOU S (B hoFfne
AIERE R 5 2720),

4, 2% 7Y D circadian locomotory rhythm
P X T pace maker BEHUTH 5 LIFEL T
ABE, GFEGENICEERRL, e T 8L
L EBWITE 5. HlA, NI-3) < 1I-4) 1%
Bz Op. L->PIC O#jifED tract 2L 12Tz ic
Op.L » 5 Dfiifths, PIC i{BbS b -loicnic
i ahic arrhythmia TH % & B0,

II11-6) Bilateral section of the optic nerves (1-7
L UTEEBROM D) A761)

III-7) Section of the left optic tract and the
right optic nerve (85()

Midoz & L, Widlo Op. T %2 §)n Lfid ) X4
oI (111-4) @il Op. N (I-7) 2 4¢Midse
free run 3%, Op.L %3 pace maker Céh-T, %
ol Op. T 2£7T PIC it2tbh, PIC 5l
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NAYFENY XL ER{BLTHBERELTALS.
COFRMBITMTRIEINIMELRZU 5 295 (£
HER) 41O T% 7Y% LD FT, MOLELR
Tk Op.T %2, H¥ERTik Op. N % yjisdhid,
COHRIREDL S LTHDY XL %2RTTHS5H?
TR 2o Op. L k{ZA 61T,
IERIDFIMBHTIobh 35, b PIC Zffl%-
fid Op.T THicn TV 5, {FRIED TR {ER
A2~x Op. N Byrah T a0, LEHNOMNL
TRV, TTIEFEEINICEMS P, Codudlin
izt LD T free run 33133 Ths. L LT
2Pt arrhythmia O@FL%5EL T, 8PLr16 PLighs
free running rhythm %7RU (R17R), 2EHOHkm
RUSIFTL NI,
1I1-8) Complete section of both antennal nerves
(341

11k Deutocerebrum (Br. II) 4> 5 1| » antennal
nerve % &5E « LTI R ILICAGY 5 DI TYINTL
el A, 33 ILH 1 WINMWTIER 2 Y Xa %
RBIL (RIS E). T bbb, flificy L alifkiz
AL EBRDBNT EERL TV S,
I11-9) Bilateral section of the deutocerebrum

(341)



Bi oot R o3 o 33 %10

Periplaneta

DAYS
i

Fig.15. Loss of the activity rhythm following
bilateral section of the optic tract on day 0
(IlT-4c). Animal 1749 showed no rhythmicity
with higher activity level for 3 weeks and then
low activity for 10 days and he died on day 32.
Animal 1242, 14 days after bilateral section of
both optic tract, a glass window was put above
the protocerebrum without effect. This animal’s
activity level was normal (a typical example of
this kind of operation). i

L% B2 5120 9 DTN 3 2 &1,
OLETIXMBUCRA 583, WHKIZ%Z 5 Ty, Br.dl
i Br.1 @ LIT/RWET % § > THIG L TV A 100iT,
Br.Il oyndEx LT Br.lit A ni{lii% 5 A
5, YRk, 3RO TF T YITONT, MMINERELE,
antennal nerve ending DESIFFTH % glomeruli
LT proximal {Ciz 2404 2 {7 e - 12hs, 10T
R Y XA B MUASIRIECL, o 2 i B
Bz IR Y XA 2D RUIZGBIBRT). Th
2] 5 iz Br.I o boundary 2[5 { kx5 %
H21:20THho-T, Brll 204 OOUNHT L 555
REdbze Ui,

Leucophaea maderae 1829

DAYS

H< 2 to 8 Fc.

L. 53',_‘—""":‘5—3‘:[“"2’_"'"_6_.

0 12 2%
HRS

Fig.16. Typical examples of loss of rhythmicity
following bilateral ablation of the optic lobe
(111-5).

1967 Leucophaea
] 2
G_____- ......... m
n
gt- LD
a
_—
L3 = :
5 L
..... | I N
0 12 24
HRS

'rFig. 17. Freerunning rhythm in LD (light and

darkness 12 : 12 hours) following sections of optic
tract in the left lobe and of optic nerve in the
right lobe (III-7).

I11-10) Bilateral section of the circumoesophageal
connectives (641)

CHIIHAME, tritocerebrum (Br.II) TR
REER% 2/ CHIRHIRIR TH 5. COAMMREIZ 6
PETUILIcE T AR TRSRD, 1 EDHIs 2 B
TEPTY TN R B ELIREGELU (20,
1957L), CofER»SATE, PIC hoHiah st

109
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Table 6. Effects of various nerve sections of the brain on the circadian locomotory
rhythm in cockroaches (continued)

E lo No. of Post-operative Observations
Xperimenta peration 0.0 PRI el ot T TPRR
Group Procedure |Animalsi Days of Activity Rhythm R?aays ;:;trilce Ax:tmEaLst;?te
Observation Level in LD ofplgiyth m | Experiment
IlI-4a qu> 6 | 12 (8—15) | Normal 5| Normal 5| 1 (0—3) +6
I1I-4b docb 2 20 Normal 2 | Normal 2| 8, 13 + 2
. II\‘Iormal 10 Eormal 1 6 ”
5 ower 3 0SS 14 — +
1I-4c dode | 18 37(4—119) | Higher 3| 4 3| 35(26—40) -7
Special 2
Normal 3 + 5
15 ' 00, ] 6 55(16—156) | grocia 3 | Loss 6 — T
111-6 Normal 15 | Normal 3| 13(6—19) +13
(=1-7) Q00 | 17 | 94(18-312) Free
Higher 2| Run 14 6(0—15) -4
Normal 4 | Loss 2 — + 7
H1-7 c*jDo) 8 | 46(36—45) | Lower 1 | Free
Higher 3 | Run 6| 13 (3—22) -1
111-8 cut A.N. 3 23(22—24) | Normal 3 | Normal 3 6(6—7) + 3
_ _ Normal Normal 2 22, 33 + 1
II-9 cut Br.1I 3 | 45(25-47) | firher Loamat 7 » T

For diagrams, see Fig. 2
Rhythm, +

S BB LT — 2 B2 walking locomotion (D43
AR~ R EL TELNADTIRIEL, HIvE
VEUTIRALGNS EEAY D 2B/ RVERERD,
TTRTFHEU TV L 51, PIC W54 EkTR
L, U A% CRTET 2 MRS Y b O3 Y
P ZaOFBYBETHHEELI 5Bz
1z,

I1V. Ventral cord ()iRg|*®»

L LIET, BAUDHFNIEHOEE 2R~ 2T
Be¥H b MR “HDAifs Harker O HHE 12T
EDLSIREALTH BN 2WHFMMBHIN IS
D, 2OTMIBELLINERS,

19544FH> 5 19604EIT 13 T, Janet Harker?™'® %
circadian locomotory rhythm o #fi £&-14> s dildn
neuro-endocrine control {23 AsHHI%, Tx7Y
D 1§ Periplaneta americana % HEIE LTRA L
FEHUI(BEMTRWER L), HXOHHOR K
WirrgkimiE R HHEER, Suboesophageal ganglion
(LLF SG LR) iTah B MR KO MRS WD v
14 7)) X a2 RENICHFIL T T—E— Ok

110

—, zoaHI i oMk Corpora cadiaca 15D
MRS WHED, ST X A4 & - THRIER
NTHE—EOREt—. UL»d, COf=olihk
HIB% R THROY 7 F Vv EEERIGT 3" VDR
Gz b O TH 5, Harker OHEYIOELILX, T DM
3t (5G) 24D ¥ X &% § I g WRBCEBRIL I G
i, EERBHEORIOMY DY X A2KDTM
Khsd, L HIME, o, FAZEUTHZICEH
53, COHBIDBMRUTRIIL Iz AW, HRD
TR e RHBERBEUTELLW DT, L0
AxDRAUHELAWCTHEEIGERAL TS, U THK
D3 & 3 EERBEB LN TR, ZOHHC2
T3, ALLELDEARERLISRICE-TY, M
FRCEL L EDBZ VD, BThbe T\ 525,
HAcD A actograph DIREY X, intact Aofifk
DY) LDV TOHBORE BAE, %7
Y% LL O%{fEFicis{ & arrhythmic T35 &4
A, i oh% arrhythmic host & UTUIELIE
BATwa, $TRCTEAD X 51, Ziuk arrhy-
thmic G7£{, free running rhythm %2/R9) &b
KERTARIHBLEEALDND, BLLAR, »2T
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1875 Leucophaea
D
0 cut
Ant.N
LD
L2 —F —
4 iy b
1868 Leucophaea
L D_
<
o
0 - cut
Brl
LD B
—4 == :
5 t D
..... ! P UJ'J "
0 12 24
HRS

Fig.18. Animal 1875. Re-development of the
activity rhythm following bilateral section of the
antennal nerves (II[-8). Within a week normal
activity rhythm resumed.

Animal 1868. Re-development of the rhythm
following bilateral transection of the deuteroce-
rebrum (III-9). Rhythm did not resume until 22
days post-operatively (see text).

Harker O FTAEMSEAENIFERED, AUHIRZL
TX7: John Brady OfE®D 2 2D#HNH? & Ro-
berts3®id } g IR LR INIcL,
PDOAXICE > TRHINIELLE @ SG OFF
T 5T Y X 2R transfer 35 2 EIRATNE
THod. @ WHMERPBRELTLIXLIZDTL, ®
NGRS Z AR TRVDOEH, THDBHEXD
ROLHTH 5.

A, Harker OROTIENAICHS T, BIERHRE
W ventral cord (VC &%) @ b DEFNTOWTDHE
B AITH 5, 15iIC SG D & ok, FIoEEhiCE
53 5 R HNAT thoracic ganglia @ & DH
O TIRAR B X M5, VWAL SOEHTCHEH

Y, MHEHOUINGONEN R T o1, TIOITI,
1 » FUROHTID & A 1o BINE & BB RO L
KIDRUTH 5, T MM U» 67812, F
RO THMIZ DV T, ¥R RBS A,

Fig.19, left.

Posterior view of head and ventral view of neck
(Cervix) of Leucophaea maderae showing position
of U-shaped cut (see text) and of the suboeso-

"phageal ganglion. mp, maxillary palp; Ip, labial

palp; p.gl, paraglossa; pmt, prementum; mt,
postmentum; hd, head; ce, compound eye; cr.
scl, crescent-shaped sclerites; l.scl, lateral scle-
rites ; SG, position of suboesophageal ganglion
under membrane; men, neck membrane.

Fig.19, right.

The nervous system in thorax and abdomen of
Periplaneta americana; re-drawn from Cameron®.
ph, pharynx; oes, oesophagus; 1, 2 and 3tg,
1st, 2nd and 3rd thoracic ganglion; 1ag, 1st
abdominal ganglion; 3ag, 3rd abdominal ganglion;
Tag, terminal abdominal ganglion; rm, rectum;
ac, cercus. :

1V-1) Decapitation (441)

WD L L HTHTHL THR %/ 7 4 » THT 3,
C DR, VC i3 SG X RipeRuyEss, 1st thoracic
ganglion (1 ThG LER) DT HIMF ah 5. Leuco-
phaea TIHIBECHETHENIET S 5 (20, 1934L),
KRR, WL TRV A, Sib bk
BoopVY, TOFETRIZLALLETIIL
1, bhvbh iV iz actograph & ATITHD 7
DOEHRITRINILDTHEDH, PHE TR
— 2 —e e b b, BRI EASSUEIC L arrhyth-
mic activity %330 & AT, KM EOEDHE
DOHEEOIE T, Rigd~ak5ic, VC #3586 &
1 ThG [Tt ahizc EiiERL TV 5.
IV-2) Bilateral section of the ventral cords be-

tween SG & 1 ThG (8f)

SG OETFT VC »UINiT2 &, WidMke ik

BEAEDLOMSEMEL Y, 7T~32 BRitiki
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JECT 5 ($720%d, 19571, 1958L). FELTHAT i

REMBIIBHLTA S L, HILEREAREETHY,

Btk L MPULTH A, ZhbDiiEB Y oz d -

TWSHFEDIR, EEDR DI DR IDIHET

X0,

1V-3) Bilateral section of the ventral cords
between 1ThG & 2ThG (6§1)

Hatnt (1 ThG) - 1 (2 ThG) #HEMIKT VC %
Uilsid A &, fESHUNIZ 30D 2 4 IHSEEIN A, T
gbb, @ EIMEIEICEL (BID), KKK\
TY XLH70H(34), FRRZhBTDIL LW (H),
® TEEHEIXEGVD, Tk 1 A6 6 U X adNE
S>3 HBLRTL B(10L), © ERZIEHYEEIERE
nYZa%db, LA~ BIAEEZ (2085 20
X, 1965L),

IV-4) Bilateral section of the ventral cords
between 2 ThG & 3 ThG (641)

VC obikishin e etz fi, 11 - %593 ThG) #igk
fingciins &, IV-3) & [ROBRTHBY, ©
D type B L TOHLHI4 LR ED, @ ® kT
FELN,
1V-5) Bilateral section of the ventral cords

between 2AG & 3AG (74)

di2 (2AG) tii3 (3AG) BRI T LML
reghvicid, BlAbz LB entrain 3h, IGEE
LIETH 5, HOTHitkiciGx W 64172 trauma
T& 3 Y X Lm0 EL A6 (20,
1965 L & {52114 1),

IV-6) Ablation of the terminal abdominal gan-
glion (441)

BUERD AR IR D R B TR T
BBV EELTVWEALHAD, TOMREMOHRE
L& - TIEHD Y X AREFIBHEEINs L LRE
W (BRI E).

IV-7) Complete ablation of SG (1541)
friiEsie SG ETO=HHT VC %YKL
T, SG »6ABNTHHET AHEE%R YKL 2455 SG
RUCRICERET A & (1508), 7T~44 HED S biza%
TYRPACECLTYL, ECTHKEIRIV-20
group &R, ALAYELE > TRV, E2idE
A ETDIEVER2IKTF), THud SG FRasic & 2440
EAAXbiZ, VC »3 SG HTT Ul Shrchilie
Rizans,
IV-8) Incomplete ablation of SG (6§1)

SG D#fuiiE, MELROMD MO 2h & [,
VC LOBIMD S 5AEL>ThIcE>THELT
WADT, HIUEDAIST (Harker DU 5 MiEIHK
KD T) % cord 2R DV BT LI { b
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L | D 1934 1L
LD
0 -head
g F : di
¢ N I
L D 1987 ¢
0 cut CC
4 = <cut VC
LD 2 $G,ITh G
—17 ﬁ ’ 6 died
Y L D 138t
I
(]
0 <-cut VC
$G,IThG
LD
—20 t
L loest
<-cut VC
2,3AG
13 <cut VC
= 1,2ThG
LD E=
—27 —¢ 3
} } -
0 12 24
HRS

Fig. 20.

1934 L (Leucophaea) Loss of activity following
decapitation (IV-1).

1957 L Persistence of the rhythm following
bilateral section of the circumoesophageal connec-
tives (cc) (III-9). This was one of the two
animals (out of 6) in which the nightly activity
increased following section of both connectives.
On day 4, the ventral cords were cut between
the suboesophageal and 1st thoracic ganglia
(SG+1 ThG) (IV-2). Animal lost activity and
died 2 wecks after the operation.

1958 L Loss of rhythm and activity following
bilateral section of the ventral cords between the
suboesophagal and 1st thoracic ganglia (SG, 1
ThG) (IV-2). This animal died 22 days after the
operation.

1965 L Persistence of rhythm following bila-
teral section of the ventral cords between 2nd
and 3rd abdominal ganglia (2, 3 AG) on day 0
(IV-5) and between lst and 2nd thoracic ganglia
(1, 2 ThG) on day 13 (IV-3).
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Table 7. Effects of various nerve sections of the central nervous system
on the circadian locomotory rhythm in cockroaches.

Exp. Experimental No. of ‘ Post-operative Observations
Groups Procedure Animals | Days of i TActivity : ‘Days until Rhythm
R L | Observation ! Level ' Rhythm ‘ Redevelops
1v-1 Headless 4 g 6-11) almost none —4 Ce-
low 2
11I-10 Cut CC 6 18 (4-38) normal 2 - —-1 —_
high 2 +5 1 (0-5)
e e
-~ ‘ x very low 7
Q
2 1 :
< : x and o very low 3 -2 —
1V-3 2 f 1 & 2ThG 6 24(15—35) low 1 +2 5, 12
o | normal 2 +2 0
[=} . P
o | 1 ° very low 1
1V-4 ig 2 & 3ThG: 6 19 (9—28) low 1 4.2 4, 12
[ 2| ‘ normal 4 ¥4 3 (0—9)
5 |
V-5 © | 2 & 3AG 7 T2 (9—13) | normal 7 +7 0 (0-1)
V-6 —-TAG 4 24(17—30~ | mormal 4 +4 0 (0-1)
"‘_ x| overylowni _ o '“__
1v-7 SG comp 15 23 (7—44) low 4 —-15 —
very low4
Iv-8 ~SG incomp 6 X7 low 1 -4 -
21(17-26) normal 1 +2 9, 8
IV-9 4 —SG incomp, 4 , very low 3 —3 —
then, +SG 22(11 35) . low 1 +l 1

Experimentél procedure:

CC, cxrcumoesophageal connectxves. SG suboesophageal ganghon ;

vent. cord, ventral cord; 1, 2, 3 ThG, pro—, meso—, meta-thorocic gangllion; 2, 3 TAG,

2nd, 3rd, terminal abdominal ganglion;
(see text); comp, complete.

—; ablation; +, implantation; incomp, incomplete
Post-operative observation: o, most animals lived and x, most

animals died at the end of experiment; —, no rhythm; 4, some rhythm; <+, doubtful rhythm.

TAHLERAETRY, ZOXIITERINIZ6
b 4 PUEIHTESRRIETE L, #->TY o b5}
bz otzhs, 2MLIEHS»Ic 1 BAE»SETOY
AnREGELT, 6EH2PUZTELNVELTS,
O:E Harker MW 5 SG @ {4 MR 2+
THHETHRERNVETIT A, EWVIDIE, LD
2 i3 SG O AR IHIGAIILIEBRL SN TR D, o,
BICMA & DUEEE S HAT- N TN 5 TH 5,

1V-9) Incomplete ablation and re-implantation

of SG (441)

8) @ group T SG © —HD AR/ WHINIAEE -
TWT, ZOHIRKDIDITY Xahip E-12DT
&»-T, Harker OFRIELWERIED23N B L
nige, L2575, SG o MKkD A 2
U, 2125 IECRECERBEEN) T 551,

LFERMECIBOTEDIR Y X203 EB1XTTH S
(Harker {3 SG BHHEZ 1O Y XL2WVW2THLED
THh, TOY X aE—WAM>TNTI2L25. T
U INO D 5 0 Mg T VW 20 5 & Har-
ker IZFA TV A), LAY, 41Lh 1Pt AHs1
AT entrain LIDAT, {3 Mkt Xa%
MAN,hots, Arrhythmia O¥428) & 9) kW
THLW, Y a0z, SG o5 a3 D
HYTIORZIZE 5D T2, SG przicitisd VO
OEMINTHSIZIS D TH B EZAI B2,
TTT, BOURMREHD b BRI OWTERELTA
& 5. VC oUIsHEFTY SG Ot (37ebb, &M
HEROME), TS IMEIL D BHHTH LS
i, ENeiEEE% b DIER 2 ) X A WTeilkithd 6
b TL 3. BLED VC i3 circadian locomotory
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Fig. 21.

1953 L (Leucophaea) Persistence of the rhythm
following ablation of the last abdominal ganglion
(—T. AG) (IV-6). On day 6, the animal was put
in constant darkness and showed a typical free-
running rhythm which continued following the
section of the ventral cords between 2nd and
3rd abdominal ganglia (2, 3 AG) (IV-5).

1963 L After complete ablation of the suboe-
sophageal ganglion (IV-7) the animal is so
inactive that the presence or absence of rhyth-
micity cannot be resolved. Section of the ventral
cord under the suboesophageal ganglion (IV-2)
causes the same result.

rhythm & {RERAHEM 20,

VC % SG & 1ThG O TYINi§ 5 &, 13LALE
SETIGIIMMEIET B (WD SCG oERMHEL LD
WANTAZ), COWITHREREEW AL, HEFL
KB MHL TUE > DT, iSHOMEIEHR
DIFIIR & BT LB R v R (FTzidx b x
OHER) IEWZIEALTH 3 b Livgy, UL,
LDHEADAHTEFOKEGI 2 HN]T 5 LIXHET
&3, Eio, iEIHER SG & HEEEL TV 3 194
BEOEHBEVIRYE, ¥ E->TW3 (IV-3, -4, -5
ZHARL TN &2 5, [GHIOMIGE, Ko
MO WML bh I et —Rbs s b L
v, b o ETREED H BIRFUE, SG ILiEDIVER N
WMTABRTH->T, TOMM—RBE—DSERITE 3
MIETH > TIHHOMRIIRA SN A L TEERT
ThHd. COEFRELLIZLT, bhbhOBEEL
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25 —ERHEHLTALD, SG & 1ThG OHTO
VC oyt X » T, 1&ALRERGERBRLZbN
1z, KiiEd, SG 0FEAREL AL F I~k
THEah A, T42bb, SG HTFTOMERD I
& -T, MERUEEmE SG 5 DRELL & 23k
Ihtoronic, BERERNMIETUI., SG Ll
LTV A MEEEROIDPVI E, BEEMEL, 2h
RONTY Xa%2BD20MBABIKIEELLL. SG
39 X A driving oscillator & %% 2 DHBEIMT
ZUL, ExOEBRXCEbRI: “arrhythmia” X
BUTIEEES A D it b B - 12D T, bhbh v
iz actograph O&RETIX, T2& ALY X LOFRBEE
rhythmic modulator @ ¥ hH-12E LT HRE
TagholzicdT ¥, LbLabs, 1V-2 0%
BRXT I L BHOohLpo7cl &k —56 i3
intact G& %—, Harker @ “SG {3 driving oscil-
lator T& 2 ERAIfIZ, T HlINB sV ELD
) XLBEHTE” VI EHFEELERICEET 51
Bb330TH3, b H—ERNHTrCLEING
72618, BUERMEERUORSREDbNIC Y X ADMI,
loss of rhythmicity i loss of activity {BIIEU Tz
bDTHH, SG ORERMEIITT 5 RRMGOLE
FliZ hormonal channel ¢’z { neural channel i
roTuvar WL, LY, WISHEE
20 b OIIEEEIC 3T autonomy Tdh 55,
Z® circadian Y X 41235\ Tid autonomous Tl
BNLBILNS,

V BREOGREI—ARELERDDBH—P

ZLTYDHT, T%7VDHGAE couple UI{AN
WEHE DV TEEDTA LS,

=% 7Y OEPIGIHIRY, FHCHIARBIC AET 5.
ZIUIEHE & BRERO #5722 Y 12> TWT, Il
#@ self-sustaining oscillation ¢ out put
TR ZHL TEA SN, ZOEMICE > THREDY
WA circadian MEHH%Z § - TiT2ebh, hysi
72203 & B I Z I TIRA OGNS,
ZNW%, BEZDH O driving oscillatior Th
b, ThRMROFKHEMGTH DT, K24MEIND
Y Xu%h > TEPHL T A LEA S0 B. TDpace-
maker 13755 18d > T, TTh 5D PIC T
MRERNUTEALN, 2hitk->TPIC ks s
SO S IRFID AV E L H Y X T v 2B
N, THADWIRHHRIEOIBTIID v ~ v & SLTHD Rk
R A, T kv e it feed back system iT X
- THIED driving oscillation D Y X & %W T
AOTII A H?

KDy &+ vk, BB 6 ELAME optic nerve 2%
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A~ POSSIBLE BIOLOGICAL CLOCK
: s
Mﬁ; AE&H
SN ENDOGENDUS DRIVING SYSTEM sigtew
_ ™ Drlver Follover - Driver &«
o= — } p§ — -
== =l n . C e, oot =
— _ agprssen =
~ . a A

:/—muntenance of ~
activity level

Fig.22. A possible biological clock in the cockroaches. Reset. System: Resetting system
by light, CE: compound eye, OpN : optic nerve, OpL: optic lobe, OpT: optic tract,
L, M, PIC: lateral and medial neurosecretory cells in the pars intercerebralis, SG:
suboesophageal genglion, ThG 1, 2, 3: pro-, meso-and meta-thoracic ganglion.

THERGEEA LN, CCTEMENRDOLDE
#h34888 3 h driving oscillator (XIERE “B§RT” 1T
Abeohs,

b DR TN 586, group III-7 DR
BThs. COTMBEINII ST Y DR, /8
JITit optic tract DFTTYINIL, AUTIREMNER
T A EEMTIE Op. N itk - T XDy ¥+ Vi

BT 2% Op.L X PIC itield THAR K AT L -

MTEY, HWTIE Op.L i PIC iff@etac L
BTx2H, A0 XDy 4 20& Op.L widr-
TRV IHEOERLRES TRV, LT
COBEOTHZMEINIZT% 7 ViZ free running

circadian rhythmicity % LD O & FCRLUID
Tdh5.

i 2

1) Protocerebrum ORIM% kT sE, o%7
Yid rhythm %025, Ud b 24BE00AiG T3
ki 5,

2) YRz & 5 median & lateral neurosecretory
cells group O—IFTH IR-> TV B HPA/RIZY X
LHSYT B,

3) Actinomycin D @ gel %IIFCHATHE,
rhythm 37z { 22353, Eosin gel 2 61EHTH

%. ®ic Actinomycin D gel %1% 5 BBHIFEER
HALUTY, v Xaicmizzn,
4) Wi “* (A% """VJ“T) "Vf?b\’\'f v hTHES &,
oY 7 Vi1 free running % LD 0)9’\&{4‘1:'(
23,

5) Ocelli 2HFHMITHRELTE, Y X Al normal
Thas,

6) Optic nerves 2 HDEERD ommatidia &

optic lobe OFJTLIMTT %5 &, LD & T T

“free running” 723,

R B % B3 DI BRI 2 M T o

205, ZHREZFIZY X & &RV,

8) BIITHRREINIZ Y X & EBARL 220,

9) T ##E3R (Suboesophageal ganglion) it
activity level % neural channel T§ T
control LTW5, 1212L, TIMHIINZY
FEONBTUIRLGRDS 20,

10) 32 [¥ (deutocerebrum) & {33 ¥ (tritocere-
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Summary

1. Paint over the entire head (except mouth
appendages) causes cockroaches to “free-run” in
24 hour light/dark cycles (LD 12:12): the paint,

-therefore, blockes the normal pathway of light

signals which otherwise would entrain the

- rhythm.

2. Surgical removal of both ocelli does not
interfere with the action of light cycles in
enfraining the rhythm: ocelli not a necessary
pathway for light signals. ‘

3. Bilateral section of the optic nerves bet-
ween the optic lobe and the base of ommatidia
”in LD 12:12,
even though the ocelli and ocellar nerves were

causes the animals to “free-run

left intact. The compound eyes are therefore the
pathway for entraining light signals. The ocelli
are not only necessary, they are not sufficient.

4. We found no evidence that the thoracic
glanglia which effect locomotory movements are
themselves autonomously (circadian) rhythmic
in their activity.

5. The abdominal ganglia play no role in
effecting the rhythmicity of the thoracic ganglia,
and hence, of ‘locomotion.

6. We found positive evidence that the sub-
oesophageal gangliqn does not control the loco-
motory rhythm by a rhythmic secretion of a
It does, on the other hand,
control activity level by a neural channel.

7. The evidence is strong that the driving
oscillation is in the brain, in fact in the proto-

hormonal agent.

cerebrum.
" 8. Insertion of a gel containing actinomycin
D into the pars intercerebralis induced ar-
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rhythmicity in the animal. However, when gel
containing eosin instead of .actimomycin D was
inserted into the pars intercerebralis, rhythm
generated postoperatively,’

9. Ablation of the region of the pars inter-
cerebralis of the brain induced arrhythmicity of
locomotory activity in the animal, only when
both lateral and medial neurosecretory cells
were completely ablated. Evidence is presented
which demonstrates a relationship between the
neurosecretory cells of the pars intercerebralis
and the circadian rhythm.

10. The pars intercerebralis suppresses (by a
hormonal channel) the level of activity. It also,
and separately, mediates locomotory activity by
a hormonal channel.

11. The pars intercerebralis can however
only cause rhythmicity of locomotion when it

has intaet neural connection wnth the optic lobes
. The driving ‘oscillation in the- nervous

system responsible for the circadian rhythm “of
locomotory actlvxty is. thus, probably, Iocahzed
in the optic lobes. R B

.13.  Animals in which' the left optic trabt-and
the right optic rierve have been severed dlsplay
a free-running rhythm in a 24 hour light/dark
cycle:the driving oscillation in' the left'opt{c Yobe
is uncouples from the pars intercerebralis which
it therefore cannot drive;the oscillation in the

_right optic lobe can drive the pars intercerebralis
.but is uncoupled from the right cpmpound eyes.

14. A possible biological clock, which consists
of the resetting system by light and the endogen-
ous driving system (the driver + the follower)
was discussed. '

o
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Lindane: metabolism to a new isomer of
pentachlorocyclohexene. W.T.Reed & A.].
'Forgash: Science 160, 1232 (1968).

r-PCCH (pentachlorocyclohexene) {3 4 z/<x
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Metabolism of Insecticides by Culex pipiens
quinquefasciatus.1. In vivo Metabolism gf DDT
by Larvae. G. H.S. Hooper. J. Econ. Entomol.
61, 490 (1968). i
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